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(57) Abr6g ^/Abstract 

The invention relates to a method for controlling a wind power station. The aim of the invention is to further develop a method 
and a wind power station of the aforementioned type whereby reducing to the greatest possible extent losses in yieid particularly 
due to variations in the area of the conversion from kinetic energy of the wind into electrical energy, that is, in the area of the 
rotor, drive train and generator. The method for controlling a wind power station is characterized in that at least one operating 
setting is varied within predetermined limits. To this end, the method of the aforementioned type is further developed in that at 
least one operating setting is varied within predetermined limits. The invention is thus based on the knowledge that the 
tolerances move within known ranges, and a variation of at least one operating setting e.g. the blade angle, the azimuth position, 



^^^j^rj^J^ http'J/opic.gc.ca • Ottawa-Hull Kl A 0C9 • bOpS/cipo.gc.ca o PIC ^fjBB^^g C I P O 



OPIC-CIPO 191 




CA 2449218 A1 2002/12/12 

pi) 2 449 218 

(13) A1 



(57) Abr6g6(suite)/Abstra<rt(continued): 

the generator torque, etc. has to accordingly lead to the optimal setting within this range of tolerance. Lastly, In order to prevent a 
large loss in yield from occurring due to a permanent variation of an operating setting, these variations are executed in 
predeterminaWe time intervals so that, In the event an optimal setting was discovered, this setting is maintained for a 
predetermined period of time. 
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Abstract 

The present invention relates to a method for controlling a wind turbine and a 
wind turbine with a control device for controlling a wind turbine. 

The object of the present invention is to develop a method and a wind turbine 
of the kind initially specified so that losses of yield, particularly as a result of 
variations in the conversion of the kinetic energy of the wind into electrical 
energy, i.e. in the rotor, drive train and generator, are minimised as far as 
possible. 

Method for controlling a wind turbine, characterised in that at least one 
operational setting is varied within predefined limits. 
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Method for controlling a wind turbine 



The present invention relates to a method for controlling a wind turbine and to 
a wind turbine with a control device for controlling a wind turbine. 

Wind turbine with controllers have been generally known for years and are 
now deployed with success. The controller, especially, has a major influence 
on the energy yield of a wind turbine. 

The continuous development of wind turbines has led to them becoming 
complex installations in which many parameters and settings must be inter- 
coordinated to enable optimised operation. 

Owing to the high complexity of wind turbines and the enormous costs 
involved in developing and refining them, purchasing such a wind turbine 
requires considerable amounts of money- It is easily understandable that such 
expenses are acceptable only if the wind turbines permit the maximum 
amount of profit to be generated, in addition to amortisation of the 
investment, from the operating revenues obtained during their service life. 

However, this profit is inseparably finked to the power yield of a wind turbine, 
which is why maximisation of power yield has an understandably high 
priority, especially for the owner and/or the operator of such a turbine. 

On the other hand, in ail production processes generally, and given the 
complexity of wind turbine and their dimensions, deviations from the ideal are 
unavoidable. Tolerance limits are therefore specified as ranges within which 
such deviations are considered to be still acceptable. 
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Regardless of the question as to whether such deviations are actually 
acceptabfe or not, they always signify a loss of yield in that they imply a 
divergence from the optimal arrangement. 

The object of the present invention is to develop a method and a wind turbine 
of the kind initially specified so that losses of yield, particularly as a result of 
variations in the conversion of the kinetic energy of the wind into electrical 
energy, i.e. in the rotor, drive train and generator, are minimised as far as 
possible. 

This object is achieved by developing the method of the kind initially specified 
in such a way that at least one operational setting is varied within predefined 
limits. 

The invention Is based on the realisation that tolerances move within known 
ranges and that variation of at least one operational setting, such as the blade 
pitch angle, the azimuth position, the generator torque, etc. within this 
tolerance range must therefore lead to the optimal setting. 

To avoid a situation in which constant variation of a operational setting 
ultimately causes even greater loss of yield, these variations are performed at 
predefinable time intervals so that whenever an optimal setting has been 
found, this is then maintained for a predefined period. 

In one particularly preferred embodiment of the invention, the time intervals 
are varied in response to predefinable ambient and/or operating conditions, so 
that special local conditions, such as relatively uniform or turbulent wind flow, 
changes of wind direction or the like can be taken into account. 

In one particularly preferred embodiment of the invention, the variation is 
performed contemporaneously after a change in an operational setting has 
been caused by external factors. If the time is sufficiently short, the 
operational setting is varied beyond the predefined setting and, if necessary, 
back again by a predetermined amount in the opposite direction until the 
optimal setting is found. This procedure is very similar to a transient 
oscillation. 
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A particularly preferred embodiment of the method according to the invention 
is one in which the difference between the initial setting and the varied 
setting with the optimal yield is quantified and taken into consideration for 
subsequent changes and/or variations. In this way, the time needed for 
variation and hence for reaching the maximum yield can be shortened. 

In a particularly preferred embodiment of the invention, a wend turbine 
according to the Invention has a controller that is suitable for executing the 
method, said controller having a microprocessor or microcontroller and a 
memory device. 

Other advantageous embodiments of the Invention are described in the 
subclaims. 

One possible embodiment of the invention shall now be described in detail 
with reference to the drawings. The drawings show: 

Figure 1 a timing diagram illustrating the basic principle of the present 
invention; 

Figure 2 a timing diagram showing an improved version of the basic 
principle; 

Figure 3 a variant of the method of the invention, improved still further; 
Figure 4 a more optimised method; and 

Figure 5 a method according to the invention, optimised yet further to 
maximise the power yield. 

Figure 1 illustrates the basic principle of the method of the invention for 
controlling a wind turbine. In the Rgure, time t is plotted on the x-axis, the 
upper portion of the y-axis is used to plot the variation of an operational 
setting, for example the azimuth angle (cj of the nacelle and hence of the 
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wind turbine rotor, and the lower portion shows, in simplified form for the 
sake of clarity, the variation in power yield in the form of a power curve (P). 

ft can be seen from the upper curve that variation of the operational setting 
out of its starting position begins initially in a positive direction and with a 
sinusoidal waveform at tfmetl, reaches a maximum value at time t2 and at 
time t3 has returned to the initial value. From there, variation is continued in 
the opposite direction, reaching a maximum at time t4, and at time t6 has 
again returned to the initial value. 

If an increase in power yield now occurs during such variation, the 
operational setting may be modified accordingly so that the wind turbine 
generates a greater yield. 

The lower curve shows the variation in power yield depending on the 
operational setting. At timetl, i.e. when variation commences, the power 
yield decreases until it reaches the maximum variation at time t2, and while 
the setting Is being returned to the initial value (t3) the yield increases again 
until it, too, reaches its initial value at time t3. When the direction of variation 
is reversed, the power yield in the present example also decreases, reaching 
its minimum (i.e. the maximum decrease in yield) at time t4 and returning at 
time t5 to its initial value. This behaviour is a clear indication that the initial 
setting of the wind turbine was optimal. 

At a predefined time (t8 in this example), after a predefined interval has 
elapsed, the procedure can be repeated. 

In said procedure, there is competition between the possibility of an increase 
in power yield, on the one hand, and a reduction in yield caused by variation 
from an optimal setting, on the other hand. 

One option for reducing these yield reductions is shown in Figure 2. In said 
Figure, time is again plotted on the x-axis, white on the y-axis the upper curve 
plots the variation of the operational setting and the lower curve plots the 
variation in power yield. 
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When the operational setting is varied, the rise from the initial value is still 
sinusoidal, whereas the edge steepness of the signal increases after reaching 
the crest value, with the result that the value returns to the initial value as fast 
as possible. The interval between times t1 and t2 remains substantially 
unchanged in comparison with Figure 1; however, the interval between times 
t2 and t3 is considerably reduced. In the ideal case, the interval between t2 
and t3 will tend towards zero, with the result that, in a first approximation at 
least, the reduction in yield in the interval between times t2 and t3 will also be 
very small. 

The same behaviour is repeated for the negative half-wave, the rising edge of 
which is similarly sinusoidal end occurs between times t3 and t4, while the 
return to the initial setting again occurs in the period between t4 and t6 with 
as great a steepness as possible. Accordingly, the reductions in yield are 
approximately halved in relation. After a predefined interval, this sequence of 
variations is repeated, commencing at time t6. Given that each setting within 
the range of variation (the tolerance range) can be reached and evaluated with 
the sinusoidally increasing curve of each half-wave in the variation, this 
embodiment reduces the loss of yield caused by variation, without altering the 
efficiency of the variation itself. 

Figure 3 shows a further embodiment of the present invention, in which the 
yield losses resulting from variation of the operational setting are reduced 
even more. The x-axis and y-axis plot the same variables as in the other 
Figures. In these curves, too, variation of the operational setting begins at 
time tl. 

In the example shown, the power yield increases simultaneously to a 
maximum value. If the amount of variation is further increased, the power 
yield declines, i.e. the maximum yield and hence the optimal operational 
setting have been exceeded. For this reason, increasing the amount of 
variation is discontinued and the setting is returned to the one at which the 
yield maximum was achieved. 

This results in an "overshoot" in the upper curve, because after reaching the 
maximum yield, it is firstly necessary to detect the declining power yield, of 
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course, before the operational setting can then be adjusted to the value at 
which yield Is maximised. This has occurred by time t4, so there is no longer a 
need for variation in the opposite direction, since the maximum yield has 
already been found- At time t5, after a predefined interval, variation of the 
operational setting commences, with the maximum variation being reached 
at time t6 and returned to the initial value by time t7. Since this resulted in a 
loss of yield, variation in the opposite direction is now carried out, and at 
time t9, after an overshoot at t8, a yield maximum is established and the 
corresponding setting is maintained. 

Another embodiment of the invention is shown in Figure 4. Here, the x-axis is 
again the time axis and the y-axis is used to plot the variation of the 
operational setting. The main change here compared to the methods described 
in the foregoing is that the direction which resulted in a yield increase during 
the previous variation phase is now chosen as the initial direction for variation. 

Variation of the operational setting begins at time t1, reaches its maximum at 
time t2 and returns to its initial value at time t3. Due to the fact that no 
increase in power yield occurred in the assumed example, the variation is now 
carried out inversely, i.e. in the opposite direction. A maximum power yield is 
reached at time t4, and after a brief overshoot this maximum is maintained. 

At time t5, following a predefined interval, the operational setting is varied 
once again - "by rotation*, so to speak and the initial direction is the same 
as the direction that led during the previous variation phase to an increase in 
power yield, which was the negative half -wave. At time t6, a maximum yield 
is once again reached, and so this setting is maintained. Hence, the loss of 
yield that would have occurred with the positive half-wave has been fuliy 
efiminated. 

After yet another time interval, variation of the operational setting commences 
once again at time t7. This time, variation begins with the negative half-wave, 
because this led to an increase in power yield during the previous variation 
phase. In is assumed in this case that the latter does not re-occur, so the 
maximum is reached at time t8 and the initial value is restored at time t9. The 
direction of variation is now reversed so that the negative half-wave is 
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followed by a positive half-wave, with the maximum power yield being 
reached at time t10, and the respective value of the setting being maintained 
at that level. 

Another variation phase begins at time til, this time with the positive half- 
wave because this was the one that led during the previous variation phase 
to an increase in power yield. The maximum yield is reached at time t12 f and 
at time t1 3 the setting has been returned to its initial setting. Owing to the 
fact that a yield maximum is reached at time t14 in this example, the setting is 
maintained, with the consequence that the following variation phase will begin 
with the negative half -wave. 

Fig. 5 shows a further improved embodiment of the present invention. In said 
Figure, the x-axis is again the time axis, while the upper portion of the y-axis 
is used to plot the change in an operational setting and the lower portion to 
show the variation in power yield. In this embodiment of the method 
according to the Invention, reductions in yield are limited still further as a 
result of the variation. This is achieved with the method according to the 
invention, in that the direction of variation is reversed when a reduction in 
power yield is detected. If a reduction in yield re-occurs after reversing the 
direction of variation, the variation is stopped. 

In Figure 6, the variation begins at time tl with a positive half -wave, and the 
maximum yield is reached at time t2. After a brief "overshoot" (t3), the 
maximum yield at time t4 is set and maintained for a predefined period of time 
until a new variation begins at time t6, 

The new variation now begins with a positive haif-wave. However, a loss of 
yield already becomes evident at timet6. For this reason, the direction of 
direction is reversed and the negative half-wave of the variation of the 
operational setting begins at timet7. A maximum power yield is reached at 
time t8, and after a brief overshoot (t9) this setting is maintained at time tlO. 
After another predefined time interval, the operational setting period is varied 
once again at time t1 1 . 
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Because the negative half-wave in the previous variation phase led to an 
increase in power yield, the current variation phase also begins with the 
negative half-wave. By time t1 2, it has been detected that the latter direction 
of variation has led to a reduction in yield, so the direction of variation is 
reversed with the result that the initial value is reached again at time t13 and 
the positive half -wave begins. 

At time t14, it is detected that the latter direction of variation is causing a loss 
of power yield, and variation is stopped. At timet15, the operational setting 
has returned to its initial setting. 

In order to illustrate the main advantage of this embodiment, the predefined 
range of variation (T) has been marked into the Figure in both directions 
relative to the initial setting. Owing to the much smaller emplttude of variation 
in respect of the operational setting, the reductions in yield are also much 
less for this range of variation. The possibility of achieving a significant 
increase in power yield is therefore offset by a negligible loss of yield in the 
event that the initial operational setting rs already the optimal setting. 

In addition to the equalisation of unavoidable manufacturing and assembly 
tolerances that this invention makes possible, the proposed method according 
to the invention also enables an increase in power yield to be achieved when 
ambient operating conditions, such as wind direction, change, provided that 
the change is still within the tolerance band of the wind turbine controller. If, 
for example, the wind direction changes by only a small amount, the azimuth 
setting will not be activated as a consequence of the change in wind direction. 
Despite this, a slight change m flow angle results in a slight loss of power 
yield. By applying the method according to the invention, this loss can be 
balanced out when the azimuth setting is routinely varied. 

It is also possible to compensate for defects resulting from assembly. A 
indication error by the wind vane, due to a defect during assembly, for 
example, can be compensated by the controller of the invention, provided the 
error is within the tolerance range of the wind turbine controller. By this 
means, it is possible to optimise a non-optimised energy yield resulting from 
the wind vane outputting incorrect data. 
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The invention is preferably to be used in conjunction with a set of operating 
parameter settings. Preferred parameters are the pitch setting (rotor blade 
pitch angle setting), the azimuth setting (rotor setting) and the excitation 
current of the generator for defining the generator torque. 

Depending on the wind conditions, there is a set of parameters for the most 
diverse parameter settings, and the set of parameters can be stored in the 
form of a table. On the basis of the wind speed that is then measured, an 
optimal tip speed ratio {the ratio of the rotor blade tip speed to the wind 
speed) can be derived for the specific type of wind turbine to obtain a 
maximum energy yield. Since the torque available at said wind speed is known 
as a result of the known rotor parameters, an optimal generator torque can be 
calculated on the basis of specifications in the table. 

Disadvantages arise if the generator torque is not adjusted to the tip speed 
ratio, if the generator torque is too low, the tip speed ratio increases and the 
rotor accelerates in an undesirable way, because the wind is supplying an 
appropriate amount of energy. If the generator torque is too high, in contrast, 
the rotor is restrained too much, with the result that the rotor is too slow and 
is unable to extract the maximum possible energy from the wind. However, 
since the generator torque is directly proportional to the level of excitation 
current, a setting can be derived for influencing and optimising the wind 
turbine. 

Another option provided by applying the invention Is that the azimuth can be 
adjusted so that any yaw angle is kept as low as possible, and that the pitch 
angle of the blades can be set to achieve a maximum torque, and hence to 
extract a maximum of energy from the wind. 
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Claims 

1 . Method for controlling a wind turbine, characterised in that at least one 
operational setting is varied within predefined limits. 

2. Method according to claim 1 , 

characterised in that the variations are performed at predefinabte time 
intervals. 

3. Method according to one of the preceding claims, 

characterised in that the time intervals are varied in response to predefinable 
ambient and/or operating conditions. 

4. Method according to one of the preceding claims, 

characterised in that the variations are by a predefined amount in one 
direction, starting from the Initial setting, or successively in two opposing 
directions. 

6. Method according to one of the preceding claims, 

characterised in that the variation is performed after a change in an 

operational setting has been caused by external factors. 

6. Method according to claim 6, 

characterised in that the variation is performed a predefined period after the 
operational setting has been changed. 

7. Method according to one of the preceding claims, 

characterised in that a tip speed ratio of a rotor blade is detected 
contemporaneously with the variation of the operational setting. 

8. Method according to claim 7, 

characterised in that a difference between the initial setting and the varied 
setting with the highest tip speed ratio is quantified. 
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9. Method according to claim 8, 

characterised in that the quantified difference is taken into account in every 
subsequent change of operational setting in response to external factors. 

1 0. Method according to one of the preceding claims, 

characterised in that the rotor blade pitch angle and/or the azimuth setting 
and/or the generator torque is varied. 

1 1 . Method according to one of the preceding claims, 

characterised In that the varied setting, the direction and the amount of 
variation are stored and/or analysed. 

12. Method according to one of the preceding claims, 

characterised in that the amount of variation is increased with a first speed 
and reduced with a second speed. 

13. Method according to claim 1 2, 

characterised in that the first speed is less than the second speed. 

14. Method according to one of the preceding claims, 

characterised in that the variation is discontinued after reaching a maximum 
power yield and the setting is maintained at the maximum power yield. 

15. Method according to one of the preceding claims, 

characterised in that the direction of variation that led in the preceding 
variation phase to an increase in power yield is used as the direction for the 
variation. 

16. Method according to one of the preceding claims, 

characterised in that the direction of variation is reversed if the power yield 
has decreased. 
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17. Method according to claim 16, 

characterised in that the variation is terminated after a power yield reduction 
occurs following a reversal of the direction of variation. 

18. Wind turbine for performing the method according to any one of the 
preceding claims, wherein the wind turbine comprises a rotor, a generator 
connected thereto and a controller for controlling specific parts of the wind 
turbine, such as the pitch of the rotor blades of a rotor and/or the generator 
and/or for setting the attitude of the rotor to the wind. 

1 9. Wind turbine according to claim 1 8, 

characterised in that the controller includes at least one microprocessor or 
microcontroller and a memory device. 
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